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Abstract 
The splenic microvasculature of the turtle Chrysemys 
scripta elegans was studied by means of scanning electron 
microscopy of vascular corrosion casts and critical point dried 
tissue. In addition light- and transmission electron microscopic 
investigations were carried out. Within the organ the arteries 
are surrounded by periarterial lymphoid sheaths. The majority 
of the arterial capillaries, which emerge from these central 
arteries have open endings within the reticular meshwork of 
the red pulp. Approximately 10% of the capillaries directly 
connect with the venous origins. Since these venous capillaries 
of C. scripta elegans resemble those of nonsinusal mammalian 
spleens we termed them pulp venules. 
Several blood cells were seen in passage through the 
fenestrae of the pulpvenules. The blood cells overcome these 
wall pores either unimpeded or a striking deformation of the 
passing cell occurs. 
In the subcapsular region of the organ radially arranged 
venous vessels are observed, which drain into a collecting vein. 
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Introduction 
During the last hundred years a number of contradictory 
opinions about the intralienal circulation of mammals has been 
published. The debate concerns mainly the question whether 
this circulation is anatomically "open" or "closed". Four 
theories about the intralienal circulation have been proposed: 
1. The theory of open circulation (Mall, 1902; MacKenzie 
et al., 1941; Snook, 1950; Chen and Weiss, 1972; Blue and 
Weiss, 1981; Schmidt et al. 1983b, 1985b; McCuskey and 
McCuskey, 1985; Hataba and Suzuki, 1989; Suzuki et al., 
1989) states that the blood flows from the arterial capillaries 
into the reticular meshwork of the red pulp and then passes 
through interendothelial slits (IES) in venous sinus walls (pulp 
venule walls in nonsinusal spleens) into the lumen of the 
sinuses (pulp venules). 
2. The theory of closed circulation is based on the concept 
of continuous endothelial connections between arterial and 
venous capillaries. A closed circulation is favoured by 
Tischendorf (1969), Pictet et al. (1969), Murakami et al., 
(1973), Miyamoto et al., (1980) and Olah and Glick (1982). 
3. A modification of the "closed" theory is described by 
Knisely (1936). Knisely investigated the intralienal circulation 
of rats, cats and mice and postulated a continuous vascular 
connection between the arterial capillaries and the venous 
sinuses. (However, it is now known that spleens of cats and 
mice are of the nonsinusal type). Knisely proposed that within 
the venous sinuses a separation of blood cells and plasma takes 
place as the plasma passes through pores in the sinus wall into 
the surrounding reticular meshwork of the red pulp. 
4. A fourth, and originally little perceived theory states 
that the intralienal mammalian circulation is anatomically both 
open and closed. Investigations of Stutte (1974) and Schmidt 
et al. (1982; 1983a; 1985a; 1988) confirmed this. 
Schmidt et al. (1982; 1983a,b; 1985a,b; 1988), studying 
the vascular system of various mammalian spleens, discovered 
interspecies differences. Consequently, it is not valid to draw 
conclusions from one species to another concerning the 
question of an open versus closed circulation (Schmidt et al., 
1988). 
To date only little research has been carried out on the 
intralienal circulation ofreptiles (Diinzen, 1939). In the present 
study the microcirculatory pathways of the spleen of the red-
eared turtle Chrysemys scripta elegans were investigated by 
means of scanning electron microscopy (SEM) of vascular 
corrosion casts and critical-point-dried tissue. 
Material and Methods 
Ten specimens of Chrysemys (Pseudemys) scripta 
elegans, both males and females (120-S00g bodyweight) were 
used for this investigation. The animals were injected with a 
letal dose of Na-pentobarbital ("Nembutal"- SERVA FRO; 
R. Blumer, H. Ditrich and H. Splechtna 
10mg/100g body weight, i.p.). A plastic catheter (diameter: 1 
mm) was introduced into the left aortic arch and ligated into 
place. The circulatory system was rinsed with a Ringer 
solution (approx. 20 mVmin, measured at the left aortic arch; 
pH 7 ,2; 330 mOsm; 20°C) until the venous outflow was clear. 
The animals were then either: 1) Perfusion fixed with 2% 
freshly depolymerized paraformaldehyde and 2% 
glutardialdehyde in 0. lM cacodylate buffer (pH 7.3, 20°C), 
immersion fixed in the same fixative and post-fixed in 1 % 
osmium tetroxide in the same buffer, dehydrated in ethanol, 
embedded in araldit and sectioned with diamond knives for 
light- (LM) and transmission electron microscopy (TEM); 2) 
Fixed and dehydrated as for sectioning, critical-point (CP) 
dried (Acetone/CO2) and mounted for scanning electron 
microscopy (SEM); or 3) Injected with MERCOX diluted with 
25% methyl-methacrylate (Jap. Vilene Co.; approx. 90ml/k:g 
body weight) as described previously (Lametschwandtner et 
al., 1984; Ditrich and Splechtna, 1987) for SEM. 
Investigations were carried out on a REICHERT 
POL YV AR light microscope, a JEOL-JSM 35 CF and a 
ZEISS DSM 950 scanning electron microscope and a ZEISS 
EM-9S transmission electron microscope. 
Size-measurements were taken on photographic prints of 
micrographs (LM, TEM) or with the line-width system of the 
microscope directly (SEM). Area/volume densities were 
measured using a stereological test grid (Weibel, 1973). 
~ 
Near the organ hilus the A. lienalis bifurcates into several 
branches which enter the spleen. Within the organ the arteries 
branch further and are surrounded by a periarterial lymphoid 
sheath (PALS). In SEM pictures of corrosion casts the PALS 
is only seen as a cylindrical hollow space around these central 
arteries since the white pulp is corroded away. The diameter of 
the lymphoid sheath measures approximately lO0µm in 
vascular corrosion casts. Distal from the PALS irregularly 
formed structures of the red pulp are replicated (Fig. 1 ). 
The red pulp of C. scripta elegans consists of irregularly 
shaped pulp venules and the cords of Billroth, occupying the 
space in between. The pulp venules originate as blind-ended 
vessels and permeate the entire red pulp forming a non-
anastomosing system. SEM-pictures of vascular corrosion 
casts and CP-dried tissue show numerous finger-shaped 
protrusions of the pulp venules' walls (Fig. 2). The pulp 
venules drain into the pulp veins (Fig.3). Observations of CP-
dried tissue demonstrate that the splenic cords consist of star-
shaped reticular cells and fibers, thus forming a three-
dimensional framework. Within the meshes of this framework 
large numbers of erythrocytes are found. 
The central arteries give off a few branches which form 
the penicillar arterioles. Here the PALS gradually decreases 
until it finally disappears. Within the red pulp the capillaries 
emerge from the arterioles. 
TEM micrographs demonstrate that the walls of these 
capillaries consist of flat endothelial cells, that are elongated 
parallel to the longitudinal axis of the vessel. At their base the 
endothelial cells are covered by a continuous basement 
membrane, followed by a discontinuous layer of reticular cells. 
Vascular corrosion casts show that these capillaries 
terminate as open-ended vessels within the reticular meshwork 
of the red pulp (Fig. 4). The open ended capillaries can be 
recognised in the SEM as their smooth surface suddenly turns 
into irregularly shaped, grape-like structures. These structures 
occur by the liquid resin leaving the lumen of the capillaries 
and spreading within the reticular meshwork. Open-ended 
capillaries can also be documented by TEM. A sudden break in 
the endothelial wall is observed in the terminal segments of the 
arterial capillaries. The capillary lumen is continuously 
connected with the three-dimensional framework of the splenic 
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cords. The capillaries frequently end with a funnel-shaped 
dilatation of their vessel wall (Fig. 5). 
No direct arteriovenous connections were found in 
vascular corrosion casts. LM-investigations, however, proved 
that such vascular channels between the arterial and venous 
capillaries do exist, though rarely. Figure 6 shows a continuous 
endothelial layer between an arterial and a venous capillary, 
thus creating a direct arteriovenous connection. We estimate 
that the direct arteriovenous connections amount to 
approximately 10% of the terminal circulation. 
Thus, the intralienal circulation is anatomically both open 
and closed, The blood flows into the reticular meshwork of the 
red pulp from the open-ended capillaries and then passes into 
the lumen of the pulp venules. 
The lurninal view of the pulp venules shows that their 
walls are interrupted by irregularly arranged fenestrae (see Fig. 
2). These fenestrae produce a continuous connection between 
the splenic cords and the lumen of the pulp venules. The 
diameters of the fenestrae vary between 2 and 5µm. Blood 
cells coming from the splenic cords pass through these 
apertures into the pulp venules. Because of the different 
diameters of the fenestrae, blood cells can either pass through 
unimpeded or be remarkably deformed (Fig. 7, 8). 
Corresponding vascular corrosion casts show the passing of 
resin from the red pulp into the lumina of the pulp venules via 
narrow streams (approx. 3µm) through fenestrae (Fig. 9). CP-
dried specimens prove that the fenestrae are permanent 
structures; they can be observed with or without a passing 
blood cell. 
Another striking feature is the extensive vascular plexus in 
the periphery of the organ (Fig. 10). This plexus consists 
predominantly of subcapsular veins. The number of pulp 
venules is much smaller; they empty into the subcapsular veins. 
The subcapsular veins are arranged radially and drain into a 
collecting vein leading to the hilus of the organ. 
Djscussjop 
For mammalian species there exist both a wide range of 
publications and a variety of opinions on the intrasplenic 
circulation. Among birds, only the intralienal circulation of 
hens has been investigated (Miyamoto et al., 1980; Olah and 
Glick, 1982). In these authors' opinion the circulation in this 
species is closed. In reptiles, only one investigation on the 
intrasplenic microvasculature has been reported: Diinzen 
(1939) described the splenic blood vessels of Lacerta muralis 
and Lacerta viridis, using LM. In this study Diinzen observed 
that all arterial capillaries end open within the red pulp. He 
postulated channels built by reticulum cells lying adjacent to 
the open ended vessels, which conduct blood directly from the 
arteries to the veins. 
A number of authors favouring an open circulation in 
mammalian spleens described channels between the arterial and 
venous capillaries, similar to those found by Diinzen (1939) in 
reptiles (Blue and Weiss, 1981; Weiss et al., 1985; McCuskey 
and McCuskey, 1985). Whereas Diinzen (1939) did not 
suggest what the function of such channels might be, the latter 
authors concluded that these structures raise the efficiency of 
the splenic circulation. Thus, although being anatomically 
open, the intralienal circulation in their opinion is functionally 
closed. 
Diinzen's description of an entirely open circulation is 
contradictory to our observations. The spleen of C. scripta 
elegans demonstrates both open-ended capillaries and direct 
arteriovenous connections, although the number of these direct 
connections seems to be rather small. The reason why direct 
arteriovenous connections in the present investigation were 
found only in LM but not in SEM of vascular corrosion casts 
may be due to the masking of these connections, because of 
too extensive filling of the red pulp. In the present study we 
Turtle spleen microvasculature 
could not observe vascular channels formed by reticular cells 
between the arterial and venous vessels. The comparison of 
Diinzen's and our results may indicate that there are 
interspecies differences concerning the splenic micro-
vasculature of reptiles. 
The hypothesis of interspecies differences in splenic 
microcirculation is supported by the work of Schmidt et al. 
(1988) and Groom et al. (1991) who described such 
differences in mammalian spleens. In their opinion these 
differences occur with respect to a sinusal or nonsinusal type 
of spleen. Investigating the blood vessels of various 
mammalian spleens by means of vascular corrosion casts 
Schmidt et al. (1983a; 1985a; 1988) concluded that in sinusal 
spleens (dog, rat and man) the circulation is anatomically both 
open and closed, whereas in nonsinusal spleens (cat and 
mouse) exclusively open-ended vessels do exist (Schmidt et al. 
1983b; 1985b). 
In contrast to Schmidt et al. (1988) we could not state if 
these differences depend on a special type of spleen. Diinzen 
(1939) gave no information whether the spleens of Lacerta 
muralis and Lacerta viridis belong to the sinusal or nonsinusal 
type. 
Comparing a nonsinusal spleen of a reptile (C. scripta 
elegans) with nonsinusal spleens of mammals we can deduce: 
Although belonging to the nonsinusal type, the intralienal 
circulation of C. scripta elegans is both open and closed. 
Schmidt et al. (1983b, 1985b), however, stated that in 
nonsinusal mammalian spleens it is entirely open. 
Snook (1950) differentiated between a sinusal and a 
nonsinusal type of mammalian spleens. He named the venous 
origins in sinusal spleens sinuses and in nonsinusal spleens 
primordial veins, the latter also termed pulp venules (Weiss, 
1983). Snook distinguished the sinuses from the 
primordialveins (pulp venules) by their greater frequency, the 
arrangement as an anastomosing plexus (pulp venules never 
have anastomoses), the larger size and the characteristic wall 
structure of the sinuses. 
The venous capillaries of C. scripta elegans show both 
irregularly arranged fenestrae and endothelial cells like 
nonsinusal mammalian spleens (see Blue and Weiss, 1981; 
Hataba et al., 1981; Suzuki et al., 1989). In addition the 
number of venous capillaries is rather small and there exist no 
anastomoses between these vessels (compare Snook, 1950). 
Because of the striking analogies with the mammalian 
pulpvenules we can conclude that the spleen of C. scripta 
elegans belongs to the nonsinusal type, too. 
In addition to differences in the wall structure of sinuses 
and pulp venules there are also variations concerning the 
passage of blood cells through the fenestrae and the function 
of these vessels. Since the diameter of the IES in the sinus wall 
of mammals is always smaller than the size of the erythrocytes, 
a strong deformation of the passing cells consequently occurs 
(Chen and Weiss, 1972; 1973; Groom, 1987; Suzuki et. al. 
1989; Groom et al., 1991). By forcing the passing erythrocytes 
to deform, the sinus wall screens their elasticity. Old or 
damaged erythrocytes, which lack such pliancy are not able to 
carry out the transmural passage and are caught in the sinus 
wall. There they are ingested by macrophages (Rifkind, 1965; 
Chen and Weiss, 1973; Groom et al., 1991). On the other 
hand, in nonsinusal spleens blood cells always pass unimpeded 
through the fenestrae of the pulp venules. Consequently 
pulpvenules are not able to filter out old or damaged 
erythrocytes (Blue and Weiss, 1981). An exception within the 
nonsinusal spleen is that of the mouse where both a squeezing 
of erythrocytes and an unimpeded passage has been observed 
(Klausner et al., 1975; Hataba et al., 1981; McCuskey and 
McCuskey, 1985). 
Our results demonstrate that although C. scripta elegans 
belongs to the nonsinusal type, blood cells overcome the 
fenestrae either with or without a deformation. So, within the 
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nonsinusal type the spleen of C. scripta elegans is similar to 
that of the mouse, concerning the passage of blood cells 
through the fenestrae. 
The striking venous plexus we found in the subcapsular 
region was not described for the spleens of Lacerta muralis 
and L. viridis (Diinzen, 1939). In spleens of rats and mice such 
subcapsular venous vessels were observed draining into a 
collecting vein, which penetrates the organ (Schmidt et al. 
1985a,b). Also in the spleen of C. scripta elegans these 
radially arranged venous vessels empty into central veins, 
which join larger ones in the interior of the organ. 
Summing up, we can state that the intralienal circulation 
of C. scripta elegans is strikingly different from the closed 
type of circulation which was found in hens by Miyamoto et al. 
(1980) and Olah and Glick (1982). It is surprising, however, 
that although C. scripta elegans belongs to a different 
vertebrate class the mode of the intralienal circulation 
resembles that of mammals in several aspects. Concerning the 
passage of blood cells through the fenestrae there are evident 
parallels to the spleens of mice. 
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Discussion with Reviewers 
A,C, Groom; It would appear that in these studies 
comparatively large volumes of Mercox were injected. Do you 
think that the use of smaller volumes of casting material might 
offer some advantages? 
Authors; We think that the amount of Mercox we injected 
was too large for some details. Especially direct arteriovenous 
connections which occur rarely seem to be masked by the too 
extensive filling of the red pulp. Vascular corrosion casts, 
however, were just one part of our investigation's methods. As 
we were of the opinion that the results we achieved by using 
semithin- and ultrathin sections were representative enough, 
we did not want to carry out further castings. Nevertheless, we 
think that by injecting only minimal volumes of casting 
material an extensive filling of the red pulp can be avoided. 
This would facilitate the finding of direct arteriovenous 
junctions. 
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A,C, Groom; What is the evidence for the statement that the 
pulp venules originate as bl.ind-ended vessels? I know of no 
similar report for any other non-sinusal spleens. 
Authors; Semithin- and ultrathin-sections indicate that the 
pulp venules always originate as blind-ended, cucumber-
shaped vessels. At the origins of the pulp venules we could 
never find tubular structures suggesting an open end of these 
vessels. SEM investigations of vascular corrosion casts also 
demonstrated a sacciform appearance of the pulp venules. 
Images of vascular corrosion casts never showed a continuity 
of the resin between the clusters of the red pulp and the casts 
of the pulp venules, which might indicate an open end of these 
vessels. 
R,S, McCuskey: Please discuss the role of the 
interendothelial slits (fenestrae) in reptiles vs. mammals 
relative to the passage of the normally nucleated RBCs in 
reptiles vs. annucleated RBCs in mammals. 
Authors; We observed in the TEM that when squeezing of 
blood cells through the fenestrae of the pulp venules occurs, 
both the cell nuclei and the cell bodies are deformed. So it 
does not seem that the nuclei of the erythrocytes may 
somehow inpede the passage of the red blood cells through the 
fenestrae. Therefore we conclude that for the passage of blood 
cells through the pores of the venous capillaries it does not 
make any functional difference whether the blood cells contain 
a nucleus, like in this reptile, or whether they don't, like in 
mammals. 
A,C, Groom; It is not clear how the estimate was made that 
direct arteriovenous connections amount to 10% of the 
terminal circulation? 
Authors; The statement that approximately 10% of the 
arterial capillaries connect directly to the pulp venules is only 
an estimate. However, we think that the large number of both 
semithin- and ultrathin sections which we carried out in 
different parts of the organ allows this conclusion. 
R,M, McCuskey; Is the spleen of the turtle a major 
hemopoeitic organ? 
Authors; This question has not been specifically addressed in 
this study. In general it is supposed that in each vertebrate 
class the spleen has a hemopoeitic function (Tischendorf, 
1985). Whereas this capability gets lost in adult mammals 
(here the bone marrow is the centre of erythropoeisis), in the 
other classes of vertebrae this function may continue for the 
whole life-span. 
M, Miyoshi: In this paper, many old papers are cited but not 
new such as: Fujita et al. (1985), Kashimura (1985), 
Kashimura and Fujita (1987). 
Authors: Thank you very much for this comment. 
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